INTRODUCTION
Software agents, although required to act locally, operate in the context of Multi-Agent Systems. It can be argued that some of these systems, like those for electronic auctions, can be best understood as computational societies. To form an open society the requirements are that:
• There is a need to make the organisational and legal elements of the multi-agent society externally visible, and to provide institutions and formalisations of agent interactions to protect agents from actions of other agents.
• Open societies should be neutral with respect to the internal architecture of their members.
• In a society, communication and conformance of behaviour are at least as important as intelligence. We present a society model that addresses these three requirements. Firstly, we view agent societies as normative systems and describe agent behavior and society constraints/laws in terms of normative relations (i.e. what agents are obliged, permitted, have the right to do) given their role (standing) in the society. These society constraints and social roles are formalised with the use of institutional constraints [2] . Secondly, we model agent societies based only on externally observable actions and state of affairs, thus we mainly reason about the global state of a system. Thirdly, we explicitly represent the aspects of communication, norms and agent ownership as parameters of the agent society. Furthermore, we make use of a temporal parameter to enable us identify the way societies change and possibly evolve over time.
THE Σ Σ Σ Σ soc,t MODEL
We identify some concepts that constitute an agent society or a norm-governed system. We claim that these are fundamental elements of a norm-governed system and that an agent society model is incomplete if it does not reason about all of these elements. What follows below is a description of these elements. Society Constraints. We apply the notion of institutional constraints [2] to agent societies and we use that notion in order to formalise and give semantics to the society rules/laws. The set of the society constraints is represented in our model of agent societies by the ∆ soc,t set. For example, a constraint on a university is the following: D university (E student submit(thesis) → OE supervisor review(thesis)) This expression states that is a constraint of a university that if a student brings it about that he submits a thesis then his supervisor is obliged 1 to bring it about that he reviews that thesis. Therefore, society constraints along with the use of deontic operators and the action modality enable us to represent, among other things, the normative relationships of agents. These constraints also describe the agent communication (ACL specifications are translated into constraints), the agent behaviour that results from the social roles that agents occupy, and the agent behaviour in general (regardless of what roles they occupy). ACL. We include in our model the specifications of the semantics of the ACL that is used in the society under investigation. These specifications define the majority of the social constraints. We give semantics to speech acts in terms of society constraints, without dealing with the internal mental state of the communicating agents.
Definition (social role).
A social role r is defined as the set of preconditions (P r ) that an agent must satisfy in order to occupy that role, and as the set of constraints (∆ r ) of the form D s (A→B) where the antecedent A or consequent B describe norms that are associated with that role (i.e. obligations, permissions), states of affairs that can be brought about by agents occupying that role, or, other states of affairs that identify the behaviour of the agents occupying that role. So, at time t a role r t is mapped (with the use of a function l) to its preconditions and constraints, i.e. l(r t , t) = (P r,t , ∆ r,t ). In general, given our definition of social roles, in a normgoverned system the following constraint holds: D s (preconditions(role, agent) ↔ PE agent role_of(role, agent)) An agent is permitted to see to it that he occupies a role if and only if he satisfies the preconditions of that role. In addition, in a norm-governed system, the following constraint may be desired: D s (role_of(role, agent) → preconditions(role, agent)) Definition (state of the society). A state S t of the society/normgoverned-system is defined as the set of propositions/states of affairs that are true at time t. We have defined a statechange function which, given the current social state (S t ) and the set of the current externally observable events (Events t ), produces a set of propositions that hold in the next social state (S t+1 ).
statechange t : (℘S t × ℘Events t ) → ℘S t+1 A brief description of the proposed implementation of the statechange function is the following: the set of propositions of the current state and the set of current events 'activate' a subset of the society constraints (we call this subset the set of active society constraints, i.e. the set of active constraints of a time point t is the set of society constraints of the form D s (A→B) where the antecedent A is true at time t). The complete next social state (S t+1 ) is the union of the current social state (S t ) with the set of the Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. consequents of the active social constraints. Finally, if the propositions of the next social state 'activate' any more social constraints then the consequents of these active constraints are unified with the next social state. The latter step is followed until the next social state contains propositions that do not 'activate' any social constraints. Ownership. Each agent in a society represents/is owned by either another individual agent, human or artificial, or an institution 2 . This notion of ownership is very important in determining the legal obligations that are associated with 'real world' transactions, i.e. the liability and responsibility for agents' actions. Agent interactions and their implications should be associated with legal obligations between the owners of the interacting agents. Sub-societies. It is often the case that agents form sub-societies inside a greater society of agents. We follow the OO paradigm to represent sub-societies. Therefore, we can have a hierarchy of societies of an arbitrary depth, one nested in an other. Each subsociety inherits and possibly overrides properties like social roles, social constraints and ACL specifications from its parent society. In particular, for representation purposes, each sub-society is treated as if it was an individual society. The model of each society includes pointers to all its sub-societies. As far as social constraints are concerned, inheritance is defined in our model as the union of the set of constraints of the parent society with the set of additional constraints of the sub-society (the latter set can be empty), having resolved any inconsistencies that may exist in the union of these constraints.
∆ subsoc,t =resolve_inconsistencies(∆ society,t ∪ ∆ subsoc-specific,t ) Inconsistencies may arise as a result of the union of the sets of constraints (we assume that each set is consistent). A possible way of resolving inconsistencies is the following: we remove constraints of the parent society that create inconsistencies in the union of constraints. For example, in a church (parent society), no agent is permitted to kiss another agent:
∀ agent1, agent2 ∈ {agents_in_church}, agent1 ≠ agent2: D s (¬ PE agent1 kiss(agent2)) However, in a marriage service, the groom is permitted to kiss the bride. The union of the sets of constraints of the church with the marriage service group is inconsistent. The resolution of inconsistencies will result in removing the constraint from the union that belongs in the set of constraints of the church. So, the ∆ marriage,t set will contain, among other constraints, the following: (agent society model) 3 . An agent society soc is modeled as: {a 1 , a 2 , . .., a n } is a non-empty set of member agents.
• ∆ soc,t is a non-empty set of society constraints. ∆ soc,t is the union of the ACL constraints, role constraints (acl_constraints t , role_constraints t ⊆ ∆ soc,t ) and other constraints that are not associated with the ACL or a particular role.
• ACL is the name of the communication language i.e. FIPA's ACL, KQML.
• R t = {r 1,t ,r 2,t , . .. , r n,t } is a non-empty set of role names.
• S t is the set of states of affairs that are true at time t.
• SubSoc t ∈ Ν is a set of identifiers for each sub-society of the current society soc. 
CONCUSIONS AND CURRENT WORK
We presented our preliminary attempt to produce a formal model of open agent societies by focusing on the identification of the main components of agent societies and the interplay of these components. This model establishes a foundation for a rich analysis of agent behaviour and interactions in heterogeneous societies. In [1] we integrated a prototype implementation of the society model with a multi-agent Animator in order to explicitly address the formally specified social issues in the simulations of artificial societies. It has been suggested that theories of agency should be computationally grounded if such theories are to be treated as specifications for systems and feasible to implement. Therefore, we are currently investigating ways to give grounded semantics to our model. However, giving grounded semantics to the society model may necessitate changes in the representation of various concepts (e.g. the representation of norms or agent actions). We are currently considering these issues.
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